of Butyrivibrio from the bovine rumen. J. Bacteriol. 86:855-860. 1963 .-The cultural and fermentation characteristics of a number of strains of Butyrivibrio fibrisolvens isolated from the bovine rumen of cattle from different areas were determined, and the strains were subjected to serological analysis by the techniques of agglutination, immunodiffusion, and indirect hemolysis. In general, the results of the three methods agreed fairly well, but some variation was shown according to the method of preparation of the antigen. Much serological heterogeneity was disclosed. The greatest degree of agglutinating cross-reactivity was observed with strains isolated simultaneously from two animals in the same herd of African zebu cattle and with a Pullman strain. These cross-reactions were confirmed by immunodiffusion and indirect hemolysis tests. Agglutinating cross-reactions at low titers were observed between additional strains. The African isolates were shown to possess unique, as well as shared, antigens.
Numerous studies have employed morphological and cultural features to characterize rumen bacteria, but the serological relationships within bacterial groups have not been analyzed. MIany rumen investigations would be greatly facilitated if the bacteria could be identified easily, quickly, and quantitatively. A serological analysis might provide a means for such identification through immunofluoreseence (Hobson and Mann, 1957 Bryant and Small (1956) .
Stock strains were maintained on solid media under anaerobic conditions (Hungate, 1950) Preparation of antigens. Cells from broth cultures were used as a source of antigens. The batch method was used to culture small numbers of cells, and a continuous-flow system was used when larger quantities were needed. The bacteria used as antigens were grown in a liquid medium similar to that used for maintenance of noncellulolytic strains, except that it lacked rumen fluid. In the batch method, 6 liters of sterilized medium in an anaerobic flask were inoculated by injecting 50 ml of a young culture through the rubber stopper. The cultures were then incubated at 39 C for 12 to 18 hr.
In the continuous method, the medium was fed by an infusion pump (Harvard Apparatus Co., Inc., Dover, Mass.) to the culture vessel immersed in a water bath at 39 C. The overflow emptied into a large carboy into which formalinized saline dripped slowly from a separatory funnel. The reservoir of sterile medium was kept anaerobic by constant flushing with a slow stream of carbon dioxide. The feed rate for the culture was determined from the growth curve of a Hungate, 1950) . Cells were collected by centrifugation and washed three times with saline or formalinized saline; the suspension was standardized turbidimetrically A yield of 300 mg (dry weight) of cells per liter of medium was obtained in the continuous culture.
Antisera. Antisera were produced in New Zealand White rabbits by intravenous injection of washed-cell suspensions. Six injections of increasing dosage were usually sufficient to produce antisera of high agglutinin titer; only rarely was it necessary to give a second series. For each bacterial strain, antisera from three animals were pooled and stored at -20 C.
Serological tests. To determine agglutination, antisera, serially diluted in 0.85% saline, and equal volumes of standardized cell suspensions were incubated at 45 C for 2 hr. (Palmer and Gerlough, 1940) .
With the concentrations selected, it was not necessary to refill the wells to obtain bands of precipitation. Plates were usually kept at room temperature, but, to obtain the more intense bands required for photography, refrigeration was necessary.
For indirect hemolysis tests, washed sheep red blood cells (2.5%) were sensitized by incubation at 37 C for 2 hr with a concentration of fraction B previously found to produce optimal sensitization. The sensitized cells were washed in normal serum-saline, diluted to 0.5%, and were added to serial dilutions of antiserum in the presence of excess guinea pig serum. Prior to use in the tests, the antisera were absorbed twice with normal sheep red blood cells and inactivated at 56 C for 30 min. The hemolysis titer was determined by inspection after incubation at 37 C for 30 min.
RESULTS
Cross-agglutination tests revealed much serological heterogeneity ( 8/3-42t (Fig. 1) . The postbutanol extract (fraction A) showed more extensive reactions than fraction B (Table  3) , owing to a component shown by identity tests to be absent from the B fraction. Fraction A from T28 reacted with all the African strains ( Fig. 1) and also with D1 (Table 3) . When the same extraction procedure was applied to strain 8/4-46, the extracts gave no precipitation with antisera of T28, DI, and the African strains. Only the 8/4-46 antiserum reacted. The immunodiffusion tests thus disclosed more common antigens in the African, T28, and DI strains than were detected by the agglutination tests, and fewer relationships with 8/4-46.
The indirect hemolysis tests, utilizing fraction B from T28 as sensitizing antigen, yielded data paralleling those obtained by agglutination, but with slightly more cross-reactions than were observed in the gel diffusion tests with the B fraction (Table 3 ). This may reflect the greater sensitivity of hemolysis. (Lewis, 1961) and perhaps enter with the saliva. In the saliva of achlorhydric humans, hemagglutinins are presumably active in controlling the numbers and kinds of bacteria (Balazs, 1962) . Similar selection by host antibodies in the rumen may occur, but there is no evidence on this point.
The similarity of T28 and N1C2 from widely separated localities encourages the hope that extensive serological similarities will be found if more isolates are examined, but the overall results suggest that elaboration of a system for serological identification of B. fibrisolvens will require study of a very large number of strains. 
